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CATALYST FOR PRODUCING
UNSATURATED ALDEHYDE AND/OR

UNSATURATED CARBOXYLIC ACID,
METHOD FOR PRODUCING THE CATALYST,
AND METHOD FOR PRODUCING
UNSATURATED ALDEHYDE AND/OR
UNSATURATED CARBOXYLIC ACID USING
THE CATALYST

TECHNICAL FIELD

The present invention relates to a novel catalyst for pro-
ducing an unsaturated aldehyde and/or an unsaturated car-
boxylic acid, a method for producing the catalyst, and a
method for producing an unsaturated aldehyde and/or an
unsaturated carboxylic acid using the catalyst.

BACKGROUND ART

Methods 1n which propylene, 1sobutylene or tertiary butyl
alcohol 1s used as a raw material to produce a corresponding
unsaturated aldehyde or unsaturated carboxylic acid are
industrially widely carried out. However, the generation of a
local high-temperature portion (hot spot) 1n a catalyst layer 1s
a significant problem. The generation of a hot spot leads to
shortening of a catalyst service life or lowering of a yield to be
caused due to an excessive oxidation reaction, and in the
worst case, the generation of an accident hazard due to a
runaway reaction or out of order of a catalyst, and therefore,
technologies for suppressing the hot spot are proposed. For
example, Patent Document 1 discloses a technology of using
a shaped catalyst whose activity 1s regulated by varying an
occupation volume of the catalyst or a calcining temperature
of the catalyst.

Among such catalysts, with respect to those having a large
average particle diameter and/or those having a high calcin-
ing temperature, the catalyst layer becomes thick, and there-
fore, there may be the case where a strain in the catalytic
acttve component layer i1s generated, or the mechanical
strength 1s lowered due to a crystal phase change at the time of
calcination, and there 1s a concern about the generation of
such a problem that during the storage of a completed cata-
lyst, the catalyst in a storage container bottom 1s broken, or at
the time of filling 1n a reaction tube, the catalyst 1s broken,
resulting 1n an increase of pressure loss of the reaction tube.
Above all, such a tendency 1s more likely seen in catalysts
having not only a large average particle diameter but also a
high calcining temperature, and the production etficiency of
the catalyst 1s remarkably lowered, and hence, improvements
are considered to be needed. It 1s to be noted that the calci-
mimng temperature as referred to herein indicates a maxi-
mum temperature 1n a calcining step to be carried out for the
purpose of imparting activity to the catalyst, and typically, it
means a maximum temperature of the temperature of calcin-
ing or drying to be carried out for the catalytic active compo-
nent.

As a method of enhancing the strength of a catalyst, Patent
Document 2 discloses a shaped catalyst by containing 1nor-
ganic fibers 1n a ring-formed shaped catalyst containing
molybdenum and bismuth. In addition, Patent Document 2
discloses that at least one member selected from glass fibers,
aluminum fibers and silica fibers, each having an average
fiber length of 50 um to 1.5 mm and an average diameter of 2
um to 20 um, can be used as the inorganic fibers. However,
though the mechanical strength 1s improved to some extent by
adding such a shaping auxiliary agent, the yield of the target
unsaturated aldehyde or unsaturated carboxylic acid i1s not
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suificient yet, and catalysts having both mechanical strength
and catalytic performances (for example, activity, yield, etc.)
are considered to be needed.

Patent Document 3 discloses a method of using, as a carrier
assistant, 1norganic fibers having an average particle diameter
of 2 to 200 um as a method for improving of the mechanical
strength of a supported catalyst.

Patent Document 4 discloses a method of adding a silica sol
and morganic fibers. Patent Document 5 discloses a catalyst
containing a scaly inorganic material having an average par-
ticle diameter of 10 um to 2 mm and an average thickness of
0.005 to 0.3 times the average particle diameter. Patent Docu-
ment 6 discloses a catalyst containing inorganic fibers having
an acid amount of 0.05 mmol or less. It 1s mentioned that by
controlling the acid amount of the inorganic fibers to 0.05
mmol or less, a catalyst of a high yield can be obtained.

BACKGROUND ART DOCUMENT

Patent Document

Patent Document 1: JP-A-2001-328951
Patent Document 2: JP-A-2002-273229
Patent Document 3: JP-A-H6-381
Patent Document 4: JP-A-H9-52053
Patent Document 5: JP-A-2007-000803
Patent Document 6: JP-A-2011-177616

SUMMARY OF INVENTION

Problem that Invention 1s to Solve

An object of the present invention is to provide a novel
catalyst having high mechanical strength and capable of
obtaining an unsaturated aldehyde or an unsaturated carboxy-
lic acid 1n a high yield and a method for producing the same,
and a method for producing an unsaturated aldehyde and/or
an unsaturated carboxylic acid using the catalyst.

Means for Solving Problem

The present inventors made extensive and intensive mves-
tigations. As a result, they have found a novel catalyst having
high mechanical strength by containing silane-treated glass
fibers 1n a catalytic active component composed of molybde-
num and bismuth as essential components, the catalyst being
capable of obtaining an unsaturated aldehyde or an unsatur-
ated carboxylic acid 1n a high yield, leading to accomplish-
ment of the present invention.

Specifically, the present ivention 1s concerned with the
following.

(1) A catalyst for producing an unsaturated aldehyde and/or
an unsaturated carboxylic acid, comprising;:

a compound contaiming a catalytic active component rep-
resented by the following formula (1); and

silane-treated glass fibers:

Mo,Bi,Ni Co,Fe X Y,0, (1)

(1n the formula, Mo, B1, N1, Co and Fe represent molybde-
num, bismuth, nickel, cobalt and 1ron, respectively; X means
at least one element selected from tungsten, antimony, tin,
zinc, chromium, manganese, magnesium, silica, aluminum,
cerium and titanium; Y means at least one element selected
from potassium, rubidium, thalltum and cesium; a, b, ¢, d, {1,
g h and x represent atomic numbers of molybdenum, bis-
muth, nickel, cobalt, iron, X, Y and oxygen, respectively;



US 9,393,553 B2

3

a=12;b=0.1 to 7; c+d=0.5 to 20; 1=0.5 to 8; g=0to 2; h=0.005
to 2; and x 1s a value determined by oxidation states of the
respective elements. )
(2) The catalyst as set forth above 1n (1),

wherein a content of the silane-treated glass fibers 1s 1 a
range o1 0.1% by mass to 30% by mass relative to the catalytic
active component.
(3) The catalyst as set forth above 1 (1) or (2), which 1s
prepared by physically mixing the compound containing the
catalytic active component and the silane-treated glass fibers
and supporting the mixture on an inert carrier.
(4) The catalyst as set forth above 1n any one of (1) to (3),

wherein when a calcining temperature 1s 510° C. or higher,
an average catalyst particle diameter 1s 5.0 mm or more.
(5) The catalyst as set forth above 1n any one of (1) to (4),

wherein when a calcining temperature 1s 540° C. or higher,
an average catalyst particle diameter 1s 6.0 mm or more.
(6) A method for producing the catalyst for producing an
unsaturated aldehyde and/or an unsaturated carboxylic acid
as set forth above 1n (1), comprising:

physically mixing the compound containing the catalytic
active component represented by the formula (1) and the
silane-treated glass fibers; and

supporting the mixture on an 1nert carrier.
(7) A method for producing an unsaturated aldehyde and/or
an unsaturated carboxylic acid, which uses the catalyst as set
forth above 1n any one of (1) to (5).

Effects of Invention

According to the catalyst of the present imvention, high
mechanical strength 1s revealed, and 1t 1s possible to obtain an
unsaturated aldehyde or an unsaturated carboxylic acid 1n a

high vield.
Mode for Carrying out Invention

The compound itself containing a catalytic active compo-
nent which 1s used in the present invention can be prepared by
a known method and 1s presented by the following formula

(1):

Mo,Bi,Ni Co,Fe X Y,0, (1)

(in the formula, Mo, Bi1, N1, Co and Fe represent molybde-
num, bismuth, nickel, cobalt and 1ron, respectively; X means
at least one element selected from tungsten, antimony, tin,
zinc, chromium, manganese, magnesium, silica, aluminum,
cerium and titanium; Y means at least one element selected
from potassium, rubidium, thalltum and cesium; a, b, ¢, d, {1,
g h and x represent atomic numbers of molybdenum, bis-
muth, nickel, cobalt, iron, X, Y and oxygen, respectively;
a=12; b=0.1 to 7, and preterably b=0.5 to 4; c+d=0.5 to 20,
and more preferably c+d=1 to 12; 1=0.5 to 8, and still more
preferably 1=0.5 to 5; g=0 to 2, and especially preferably g=0
to 1; h=0.005 to 2, and most preferably h=0.01 to 0.5; and x 1s
a value determined by the oxidation states of the respective
clements.)

Here, a powder of the compound containing a catalytic
active component 1s prepared by a known method, such as a
coprecipitation method, a spray drying method, etc. On that
occasion, as raw materials to be used, nitrates, ammonium
salts, hydroxides, oxides, acetate, and the like of various
metal elements, such as molybdenum, bismuth, nickel,
cobalt, 1ron, X, Y, etc., can be used without particular limita-
tions. A powder of the compound containing catalytic active
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components of a different kind from each other can also be
obtained by varying the kind and/or amount of the metal salt
to be fed.

The thus obtained powder 1s calcined preferably at 200 to
600° C., and more preferably at 300 to 500° C. preferably
under an air or nitrogen stream, whereby a preliminarily
calcined powder can be obtained.

The thus obtained preliminarily calcined powder 1s shaped
to prepare the catalyst of the present invention. The form of
the shaped material 1s spherical, cylindrical or annular or the
like and 1s not particularly limited, and the form should be
selected taking into account the production efficiency or
mechanical strength of the catalyst, or the like. However, the
form 1s preferably spherical. On the occasion of shaping, 1t 1s
general to carry out shaping by using a single preliminarily
calcined powder. However, separately prepared granular pre-
liminarily calcined powders having a different component
formulation from each other may be previously mixed 1n an
arbitrary proportion and shaped, or a method i which an
operation of supporting a different preliminarily calcined
powder on an inert carrier 1s repeated, whereby the prelimi-
narily calcined powder 1s shaped 1n plural layers may also be
adopted. It 1s to be noted that on the occasion of shaping, a
shaping auxiliary agent, such as crystalline cellulose, etc.,
and silane-treated glass fibers are mixed. Use amounts of the
shaping auxiliary agent and the silane-treated glass fibers are
preferably 30% by weight or less, respectively relative to the
catalytic active component. In addition, the shaping auxihary
agent and the silane-treated glass fibers may be previously
mixed with the above-described preliminarly calcined pow-
der prior to shaping, or may also be added 1n a shaping
machine simultaneously with or before or after the addition of
the preliminarily calcined powder.

Although the shaping method 1s not particularly limited, on
the occasion of shaping in a cylindrical or annular form, a
method of using a tablet shaping machine, an extrusion shap-
ing machine, or the like 1s preferred. In the case of shaping 1n
a spherical form, though the preliminarily calcined powder
may be shaped in a spherical form by using a shaping
machine, a method of supporting the preliminarily calcined
powder on a carrier, such as an 1inert ceramic, eftc., 1s preferred.
In the case of using the silane-treated glass fibers and option-
ally other shaping auxiliary agent, they may be previously
mixed with the preliminarnly calcined powder and used, or
they may also be separately added, respectively. Here, the
supporting method 1s not particularly limited so long as 1t 1s a
method in which the preliminarily calcined powder can be
uniformly supported on the carrier, such as a tumbling granu-
lation method, a method using a centrifugal tlow coating
apparatus, a wash coating method, etc. However, 1n the case
of taking 1nto account the production efficiency of the catalyst
or the like, a method 1n which using an apparatus having a flat
or uneven disk in a bottom of a fixed cylindrical vessel, a
carrier charged within the vessel 1s vigorously agitated by
means of rotation motion and revolution motion of the disk
itself by rotating the disk at a high speed, and the preliminar-
1ly calcined powder and optionally a shaping auxiliary agent
and a strength improver are added thereto, thereby supporting
the powder components on the carrier 1s preferred.

It 1s to be noted that on the occasion of supporting, 1t 1s
preferred to use a binder. Specific examples of the binder
which can be used include water, ethanol, methanol, pro-
panol, a polyhydric alcohol, polyvinyl alcohol that 1s a poly-
mer-based binder, a silica sol aqueous solution that 1s an
inorganic binder, and the like; ethanol, methanol, propanol,
and a polyhydric alcohol are preferred; a diol, such as ethyl-
ene glycol, etc., a triol, such as glycerin, etc., and the like are
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preferred; and an aqueous solution of glycerin having a con-
centration of 5% by weight or more 1s preferred. By using an
appropriate amount of a glycerin aqueous solution, the shap-
ing properties become favorable, and a high-performance
catalyst having high mechanical strength 1s obtained. A use
amount of such a binder 1s typically 2 to 60 parts by weight
based on 100 parts by weight of the preliminarily calcined
powder, and 1n the case of a glycerin aqueous solution, 1ts use
amount 1s preferably 10 to 30 parts by weight. On the occa-
s1on of supporting, the binder and the preliminarily calcined
powder may be alternately fed into a shaping machine, or they
may be simultaneously fed.

Typically, as the 1nert carrier, one having an average par-
ticle diameter of about 3 to 10 mm 1s used, and the prelimi-
narily calcined powder 1s supported thereon. A supporting
amount thereof 1s determined taking into account conditions
for using the catalyst, for example, a space velocity or a raw
material hydrocarbon concentration. Although an average
particle diameter of the catalyst having the preliminarily cal-
cined powder supported on the 1nert carrier varies depending
upon the supporting amount on the mert carrier, 1t 1s typically
4 to 11 mm.

It 1s to be noted that though a supporting rate of the pre-
liminarily calcined powder (hereinatter referred to as “active
powder”) 1n a spherical supported catalyst 1s not particularly
limited, 1t 1s typically 20 to 80% by weight. In the present
invention, in the case of filling the preliminarily calcined
powder 1n plurally divided catalyst layers as described below,
a supporting rate (% by weight) of each of the catalyst layers,
namely a supporting rate calculated by: [(weight of prelimi-
narily calcined powder)/{(weight of preliminarily calcined
powder)+(weight of inert carrier)+(weight of glass fibers)}]x
100, can be set to an approprate value 1n view of the use.

It 1s preferred to again calcine the shaped catalyst prior to
the use for the reaction. On the occasion of again calcining the
shaped catalyst, a calcining temperature 1s typically 300 to
650° C.; and a calcining time 1s typically 3 to 30 hours, and
preferably 4 to 15 hours, and 1t 1s properly set according to the
reaction conditions to be used. In the case of providing plu-
rally divided catalyst layers and filling the shaped catalyst in
a reaction tube, as for the calcining temperature of the catalyst
installed on the raw material gas inlet side, 1t 1s preferred to
calcine the catalyst at a temperature higher than that of the
catalyst on the gas outlet side regardless of its formulation,
thereby controlling the activity. Although an atmosphere of
the calcination may be either an air atmosphere or a nitrogen
atmosphere, an air atmosphere 1s industrially preferred. Of
these, the effects of the present invention are thoroughly
exhibited with respect to catalysts having an average catalyst
particle diameter of 5 mm or more and a calcining tempera-
ture of 510° C. or higher, and the efiects are remarkably
exhibited with respect to catalysts having an average catalyst
particle diameter of 6 mm or more and a calcining tempera-
ture of 540° C. or higher.

The catalyst of the present invention can be used for the
production of an unsaturated aldehyde and/or an unsaturated
carboxylic acid. Specifically, the catalyst of the present inven-
tion can be used for a method of producing acrolein and
acrylic acid by subjecting propylene to gas-phase catalytic
oxidation with molecular oxygen or a molecular oxygen-

contaiming gas; or a method of producing methacrolein and
methacrylic acid by subjecting 1sobutylene and/or tertiary
butyl alcohol to gas-phase catalytic oxidation with molecular
oxygen or a molecular oxygen-containing gas. Above all, 1t 1s
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preferred to use the catalyst of the present invention for the
production of acrolein and acrylic acid.

EXAMPLES

The present invention 1s explained in detail by reference to
Examples and Comparative Examples. It 1s to be noted that
the present invention 1s not limited to the following Examples
so long as the gist of the present invention 1s not deviated. A
propylene conversion and an effective yield are expressed by
the following equations (1) and (2).

Propylene conversion (mol %)=100x[(Molar number
of reacted propylene)/(Molar number of fed pro-

pylene)] (1)

Effective yield (mol %)=100x[{(Molar number of
produced acrolein)+(Molar number of produced

acrylic acid) }/(Molar number of fed propylene)] (2)

The strength of the catalyst to be used for the reaction 1s
very important from the viewpoint of practical use. The
strength of the catalysts used 1n the Examples was evaluated
in terms of an attrition resistance determined by the following
method.

A cylindrical rotating machine having a radius of 14 cm
and having one sheet of baille provided therein was charged
with 50 g of the obtained catalyst and rotated at 23 rpm for 10
minutes. Thereafter, an exfoliated powder was removed by a
sieve, and a residual amount was measured. A proportion of
the exioliated powder was calculated according to the follow-
ing equation (3), and this value 1s heremnaiter expressed as the
attrition resistance. When the attrition resistance 1s smaller,
the strength becomes higher, and such 1s preferred. From the
standpoint of practical use, the attrition resistance 1s prefer-
ably 3% by weight or less, and more preferably 1% by weight
or less.

Attrition resistance (wt %)=100x[{ (Sample weight)—
(Sample weight remaining on the sieve) }/
(Sample weight)]

(3)

The average particle diameter of the catalyst was measured
by the following method.

100 granules of the spherical catalyst were randomly col-
lected and measured for the diameter by using calipers. An
average value of the obtained data was defined as the average
particle diameter of the catalyst.

Example 1

(Preparation of Catalyst)

789.0 parts by weight of ammonium molybdate and 4.4
parts by weight of potassium nitrate were dissolved 1n 3,000
parts by weight of distilled water while heating and stirring,
thereby obtaining an aqueous solution (A). Separately, 563.8
parts by weight of cobalt nitrate, 303.2 parts by weight of
nickel nitrate, and 263.3 parts by weight of ferric nitrate were
dissolved 1n 1,000 parts by weight of distilled water, thereby
preparing an aqueous solution (B); and 301.7 parts by weight
of bismuth nitrate was dissolved 1n 300 parts by weight of
distilled water which had been made acidic by the addition of
7’1 parts by weight of 60% concentrated nitric acid, thereby
preparing an aqueous solution (C). The above-described
aqueous solution (A) was successively mixed with the above-
described aqueous solutions (B) and (C) while vigorously
stirring, and the produced suspension was dried by a spray
dryer and calcined at 440° C. for 6 hours, thereby obtaining a
preliminarily calcined powder. At this time, a formulation
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rat10 of the catalytic active component excluding oxygen was
Mo=12, Bi=1.7, N1=2.8, Fe=1.8, Co=3.2, and K=0.12 1n
terms of an atomic ratio.

Thereafter, a mixed powder of 100 parts by weight of the

preliminarily calcined powder, 5 parts by weight of crystal-
line cellulose, and 3 parts by weight of MILLED FIBER
EFH130_31 (silane-treated), manufactured by Central Glass
Co., Ltd. was added to 97 parts by weight of an inert carrier (a

spherical material composed mainly of alumina and silica and
having an average diameter of 6.0 mm) by using a 20% by
weight glycerin aqueous solution as a binder, and the resultant
was supported and shaped. The obtained catalyst was cal-
cined at 540° C. for 4 hours 1n an air atmosphere by using a
box-type hot-air calcimng furnace, thereby obtaining a cata-

lyst (D) of the present invention. An attrition resistance of the
obtained catalyst 1s described in the following Table 1. An
average particle diameter of the shaped catalyst (D) was 6.9
mm.

(Oxidation Reaction Test)

In a stainless steel-made reaction vessel having an inner

diameter of 28.4 mm, silica-alumina spheres having an aver-
age diameter o1 4.0 mm were successively filled 1n a length of
2 cm from the raw material gas inlet side; furthermore, the
above-described shaped catalyst and silica-alumina spheres
having an average diameter of 4.0 mm were filled 1n a length
of 15 cm and 377 cm, respectively; and the resulting reaction
vessel was set 1n a flmdized bath whose reaction bath tem-
perature had been made constant at 320° C. by using alumina
sand. A gas 1 which feed amounts of propylene, air, and
water had been set in a raw material molar ratio of propylene/
oxygen/water/nitrogen of 1/1.7/3/6.4 was introduced at a
space velocity of 630 h™" into the oxidation reaction vessel,
and after starting the reaction, the temperature was raised to
350° C. and kept for 12 hours (this treatment 1s referred to as
“high-temperature reaction treatment”) and then decreased to
330° C., followed by carrying out quantitative determination.
The same oxidation reaction test was repeated four times, and
average values of the resulting propylene conversion and
elfective yield are described 1n Table 1.

Comparative Example 1

A shaped catalyst (E) for comparison was prepared under
the same conditions as those in Example 1, except that the
EFH150 31 was not added, and that the amount of the 1nert
carrier was changed to 100 parts by weight, and then sub-
jected to the oxidation reaction test and attrition resistance
measurement. Results are shown in Table 1. An average par-
ticle diameter of the shaped catalyst (E) was 6.9 mm.

Comparative Example 2

A shaped catalyst (F) for comparison was prepared under
the same conditions as those 1 Example 1, except that
EFH130_01 (non-silane-treated glass fibers), manufactured
by Central Glass Co., Ltd. was used in place of the
EFH1350_31, and then subjected to the oxidation reaction test
and attrition resistance measurement. Results are shown 1n
Table 1. An average particle diameter of the shaped catalyst
(F) was 6.9 mm.

10

15

20

25

30

35

40

45

50

55

60

65

8
TABL.

(Ll

1

Propvlene oxidation reaction results and strenesth measurement results

Propylene Aftrition
conversion Effective resistance
(mol %) yield (mol %o) (wt %)
Example 1 96.1 90.5 0.3
Comparative 96.1 90.5 4.2
Example 1
Comparative 95.9 90.1 0.2
Example 2

It 1s noted from Comparative Example 1 that in the case of
not using the silane-treated glass fibers, the attrition resis-
tance becomes very large, so that the catalyst strength 1s
insuificient. In addition, 1t 1s noted from Comparative
Example 2 that in the case of using the non-silane-treated
glass fibers as the shaping auxiliary agent, though the attrition
resistance 1s improved, the effective yield 1s lowered. It was
confirmed from Example 1 and Comparative Example 1 that
by using the silane-treated glass fibers as the shaping auxil-
1ary agent, the attrition resistance 1s improved without caus-
ing a lowering of the catalytic performance.

Example 2

(Preparation of Catalyst)

A catalyst (G) of the present invention was obtained under
the same conditions as those 1n Example 1, except that a
supported shaped catalyst was calcined at a temperature of
550° C. for 4 hours 1n an air atmosphere by using a tunnel-
type hot-air calcining furnace. An attrition resistance of the
obtained catalyst 1s described in the following Table 2. An
average particle diameter of the shaped catalyst (G) was 7.1
mm.

789.0 parts by weight of ammonium molybdate and 3.5
parts by weight of potassium nitrate were dissolved 1n 3,000
parts by weight of distilled water while heating and stirring,
thereby obtaining an aqueous solution (H). Separately, 563.8
parts by weight of cobalt nitrate, 303.2 parts by weight of
nickel nitrate, and 263 .3 parts by weight of ferric nitrate were
dissolved 1n 1,000 parts by weight of distilled water, thereby
preparing an aqueous solution (I); and 301.7 parts by weight
of bismuth nitrate was dissolved 1n 300 parts by weight of
distilled water which had been made acidic by the addition of
7’1 parts by weight of 60% concentrated nitric acid, thereby
preparing an aqueous solution (J). The above-described aque-
ous solution (H) was successively mixed with the above-
described aqueous solutions (1) and (J) while vigorously stir-
ring, and the produced suspension was dried by a spray dryer
and calcined at 440° C. for 6 hours, thereby obtaining a
preliminarily calcined powder. At this time, a formulation
ratio of the catalytic active component excluding oxygen was
Mo=12, Bi=1.7, N1=2.8, Fe=1.8, Co=5.2, and K=0.1 1n terms
ol an atomic ratio.

Thereatter, a mixed powder of 100 parts by weight of the
preliminarily calcined powder and 5 parts by weight of crys-
talline cellulose was added to 100 parts by weight of an inert
carrier (a spherical material composed mainly of alumina and
silica and having an average diameter of 4.0 mm) by using a
20% by weight glycerin aqueous solution as a binder, and the
resultant was supported and shaped. The obtained catalyst
was calcined at 530° C. for 4 hours 1n an air atmosphere by
using a tunnel-type hot-air calcining furnace, thereby obtain-
ing a catalyst (K) of the present invention.
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(Oxidation Reaction Test)

In a stainless steel-made reaction vessel having an inner
diameter of 27.2 mm, mn which a jacket for circulating a
molten salt as a heat medium and a thermocouple for mea-
suring a catalyst layer temperature were installed in a tube
axis, silica-alumina spheres having an average diameter of
5.2 mm, the oxidation catalyst (G) as an oxidation catalyst
layer first layer (raw maternial gas inlet side), and the oxidation
catalyst (K) as an oxidation catalyst layer second layer (gas
outlet side) were successively filled 1 a length of 15 cm, 80
cm, and 2135 cm, respectively from the raw material gas inlet
side thereol, and a reaction bath temperature was set to 330°
C. A gas in which feed amounts of propylene, oxygen, water,
and nitrogen had been set 1n a raw material molar ratio of
propylene/oxygen/water/nitrogen of 1/1.75/2.0/10 was 1ntro-
duced at a space velocity of 1,470 h™" into the oxidation
reaction vessel, and an outlet pressure of the reaction vessel
was set to 50 kPaG. After starting the reaction, at the time of
clapsing 300 hours, a test of varying the reaction temperature
at intervals of 3° C. was carried out such that a total yield of
acrolein and acrylic acid became a maximum, thereby deter-
mimng a maximum effective yield. In addition, a maximum
temperature (peak temperature) within the catalyst layer was

measured by using a thermocouple. Results are shown in the
tollowing Table 2.

Comparative Example 3

(Preparation of Catalyst)

A catalyst (L) for comparison was obtained under the same
conditions as those 1n Comparative Example 1, except that a
supported shaped catalyst was calcined at a temperature of
550° C. for 4 hours 1n an air atmosphere by using a tunnel-
type hot-air calcining furnace. An attrition resistance of the
obtained catalyst 1s described 1n Table 2. An average particle
diameter of the catalyst (L) was 7.1 mm.

(Oxidation Reaction Test)

The test of varying the reaction temperature was carried out
under the same conditions as those 1n Example 2, except that
the oxidation catalyst (L) was used as the oxidation catalyst
layer first layer (raw material gas inlet side). Results obtained
are shown 1n Table 2.

TABLE 2

Propvlene oxidation reaction results and catalvst strength test results

Reaction Peak Effective  Aftrition
temperature  temperature yield resistance
(° C.) (° C.) (mol %) (wt %)
Example 2 333 402 92.1 0.3
Comparative 333 405 91.7 1.2
Example 3

It was confirmed from Example 2 and Comparative
Example 3 that even on the occasion of using the catalyst
containing silane-treated glass fibers 1n combination with
other catalyst, the effective yield 1s not lowered as compared
with the time of using a catalyst not containing the silane-
treated glass fibers.

While the 1invention has been described 1n detail and with
reference to specific embodiments thereof, 1t will be apparent
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to one skilled 1n the art that various changes and modifications
can be made therein without departing from the spirit and
scope thereol.

It 1s to be noted that the present application is based on a

Japanese patent application filed on Apr. 235, 2013 (Japanese
Patent Application No. 2013-092005), the entireties of which

are incorporated by reference. In addition, all references cited
herein are incorporated as a whole.

INDUSTRIAL APPLICABILITY

The catalyst of the present invention 1s useful for the pro-
duction of an unsaturated aldehyde and/or an unsaturated
carboxylic acid.

The mnvention claimed 1s:

1. A catalyst for producing an unsaturated aldehyde and/or
an unsaturated carboxylic acid, comprising:

a compound containing a catalytic active component hav-

ing the following formula (1); and

silane-treated glass fibers:

Mo,Bi,Ni.CoFe X, Y0, (1)

wherein Mo, Bi, N1, Co and Fe represent molybdenum, bis-
muth, nickel, cobalt and 1ron, respectively; X means one or
more elements selected from the group consisting of tung-
sten, antimony, tin, Zinc, chromium, manganese, magnesiuimn,
silica, aluminum, cerrum and titanium:; Y means one or more
clements selected from the group consisting of potassium,
rubidium, thallium and cesium; a, b, ¢, d, 1, g, h and x repre-
sent atomic numbers of molybdenum, bismuth, nickel,
cobalt, 1ron, X, Y and oxygen, respectively; a=12; b=0.1 to 7;
c+d=0.5 to 20; 1=0.5 to 8; g=0 to 2; h=0.005 to 2; and x 15 a
value determined by oxidation states of the respective ele-
ments.

2. The catalyst according to claim 1,

wherein the content of the silane-treated glass fibers 1s 1n a

range of 0.1% by mass to 30% by mass relative to the
catalytic active component.

3. The catalyst according to claim 1, which 1s prepared by
physically mixing the compound containing the catalytic
active component and the silane-treated glass fibers and sup-
porting the mixture on an inert carrier.

4. The catalyst according to claim 1,

wherein said catalyst has an average catalyst particle diam-

cter of 5.0 mm or more after calcination at a temperature
of 510° C. or higher.

5. The catalyst according to claim 1,

wherein said catalyst has an average catalyst particle diam-

cter of 6.0 mm or more after calcination at a temperature
of 540° C. or higher.

6. A method for producing the catalyst for producing an
unsaturated aldehyde and/or an unsaturated carboxylic acid
according to claim 1, comprising:

physically mixing the compound containing the catalytic

active component having the formula (1) and the silane-
treated glass fibers; and

supporting the mixture on an inert carrier.

7. A method for producing an unsaturated aldehyde and/or
an unsaturated carboxylic acid by subjecting propylene, or
1sobutylene and/or tertiary butyl alcohol, to a gas-phase cata-
lytic oxidation with molecular oxygen or a molecular oxy-
gen-containing gas in the presence of a catalyst according to
claim 1.
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